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Energy-efficient,  small  and  lightweight  high -power  light-emitting  diodes  (Hi-LEDs)  are  combined  with  a  thermo¬ 
generation  module  (TGM)  to  transform  the  heat  power  generated  by  the  LED  into  electric  energy  in  the  present 
paper.  Variation  in  the  dielectric  copper  and  solder  layer  thickness  in  the  printed  circuit  board  (PCB)  composite 
was  found  to  affect  the  thermal  performance  of  the  Hi-LEDs  lighting  system,  and  a  vapor  chamber  (VC)  was 
shown  to  provide  excellent  heat  dissipation  performance  when  used  with  Hi-LEDs.  Therefore,  VC  and  PCB 
(VCPCB)  were  combined  for  integration  with  the  Hi-LEDs  package  system  (micro-generator  with  LED  vapor 
chamber-based  plate,  LED-MGVC)  for  performance  and  illumination  comparison.  This  study  analyzes  the  perfor¬ 
mance  of  a  novel  LED-MGVC  device  using  experimental  and  illumination-analysis  methods  with  VCTM  VI. 0. 
Results  depict  that  the  LED-MGVC  system  provides  significant  improvement  for  thermal  performance  and  illumi¬ 
nation  and  thermoelectric  properties. 

©  2013  Elsevier  Ltd.  All  rights  reserved. 


1.  Introduction 

Compared  with  traditional  incandescent  lamps,  high-power  light- 
emitting  diodes  (Hi-LEDs)  technology  presents  significant  benefits 
over  traditional  incandescent  lamps  and  has  thus  begun  to  be  aggres¬ 
sively  used  in  lighting  applications  including  street  lamps,  traffic  lights, 
automobile  headlights,  backlights  for  liquid  crystal  display  (LCD)  televi¬ 
sions,  building  lighting  and  indoor-lighting  lamps.  Although  LEDs  are 
considerably  more  efficient  than  traditional  lighting  (15-25%  vs.  10%), 
Hi-LEDs  still  produce  a  significant  amount  of  heat  flow  during  operation 
[1-3].  Thus,  as  high-power  LED  arrays  are  used  more  widely  for  general 
lighting  systems,  they  generate  a  more  significant  amount  of  heat  flux 
(above  85  %).  LEDs  can  be  classified  as  high  brightness  and  general 
brightness,  with  high-brightness  and  high-power  LEDs  usually  produc¬ 
ing  more  than  1  W  of  heat  per  die.  The  power  package  of  a  single  LED 
die  has  a  surface  area  of  1  mm2,  with  a  total  heat  power  of  1  W.  Thus,  a 
single  high-power  LED  usually  has  a  heat  flux  greater  than  100  W/cm2. 
This  heat  flux  easily  results  in  thermal  hot  spots  at  the  device  junction, 
thus  reducing  the  life  span  of  high-brightness  LEDs. 

A  vapor  chamber  is  a  two-phase  heat  transfer  component  that  uni¬ 
formly  spreads  and  transfers  heat  flow,  making  it  ideal  for  use  in  non- 
uniform  heating  conditions  such  as  in  Hi-LEDs.  The  effectiveness  and 
improved  thermal  performance  of  vapor  chambers  has  been  confirmed 
in  prior  studies  through  mass  application  in  server  systems  and  VGA 
thermal  modules  [4-6].  Wang  and  Wang  [7]  derived  a  novel  formula 
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for  the  effective  thermal  conductivity  of  vapor  chambers  by  use  of  modi¬ 
fied  dimensional  analysis  combined  with  a  thermal-performance  experi¬ 
mental  method.  Results  show  that  its  effective  thermal  conductivity 
increases  with  input  power  above  800  W/m°C,  with  a  margin  of  error  of 
less  than  ±  5  %.  Wang  et  al.  [8]  reported  a  thermal-performance  experi¬ 
ment  using  the  illumination-analysis  program  VCTM  VI  .0  to  discuss 
green  illumination  techniques  using  LEDs  as  a  solid-state  luminescence 
source  in  light  lamps  with  the  application  of  a  vapor  chamber  to  30  W 
Hi-LEDs.  Virtual  Basic  V6.0  was  used  to  code  the  theoretical  models 
with  empirical  formulae  for  computer-aided  modeling  thermal  modules 
to  develop  the  VCTM  VI. 0  program  for  convenient  use  in  industrial  appli¬ 
cations.  A  thermoelectric  generating  module  (TGM)  is  making  use  of  the 
Seeback  effect  to  convert  the  heat  flow  into  electric  energy  through  the 
use  of  thermoelectric  materials  [9-18].  Francisco  et  al.  [19]  utilized  ther¬ 
moelectric  generators  (TEG)  and  heat  pipe  (HP)  modules  based  on  the 
Seebeck  effect  to  transform  waste  heat  into  electric  energy  for  low 
(15  kW)  and  a  high  (40  kW)  operating  modes.  Results  demonstrated 
the  potential  of  this  system  for  recovering  otherwise  wasted  heat.  Kagawa 
et  al.  [20]  applied  a  thermoelectric  generator/thermo-generator  to  a 
municipal  solid  waste  incinerator  to  capture  low  temperature  thermal 
energy.  Nevertheless,  a  micro-generator  with  LED  vapor  chamber-based 
plate  (LED-MGVC)  device  combining  LED-VCPCB  [21]  with  TGM  is 
shown  to  reduce  the  LED  hot-spot  problem  and  produce  high  levels  of 
lighting  energy  efficiency. 

This  article  uses  computer-aided  modeling  design  tools  to  analyze 
LED-MGVC  performance,  as  shown  in  Fig.  1.  A  TGM  is  put  on  a  LED 
vapor  chamber-based  plate,  and  the  heat  generated  by  the  LED  is  stored 
in  the  lithium-ion  battery  through  the  Seebeck  effect.  It  is  important  to 
use  proper  CAD/CAE  tools  in  LED-MGVC  design,  and  appropriate  thermal 
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Nomenclature 

A  sectional  area,  m2 

I  electric  current,  A 

K  thermal  conductivity,  W/m  °C 

L  length  of  thermoelectric  element,  meter 

P  output  energy,  W 

Q  heat  transfer  rate,  W 

R  thermal  (or  electrical)  resistance,  °C/W  (or  11) 

T  temperature,  °C 

V  potential  difference,  V 

W  width  of  thermoelectric  element,  m 


Greek  letters 

a  Seebeck  coefficient,  V/K 

r\  ratio  efficiency 

tt  Peltier  coefficient,  V 

a  material  conductivity  (H  •  m)-1 

t  Thomson  coefficient,  W/I< 


Subscripts 

A  air/ambient 

C  cold  side 

h  hot  side 

N  N-type  thermoelectric  element 

P  P-type  thermoelectric  element 

eff  effective 

in  input 

LED-MGVC  micro-generator  with  LED  vapor  chamber-based  plate 
Out  output 

TGM  thermo-generation  module 

Vc  vapor  chamber 


conditions  were  ensured  through  using  a  composite  approach  to  LED- 
MGVC  computer-aided  modeling  design.  Several  theoretical  models  for 
thermal  modules  have  been  developed,  using  software  and  algorithms 
to  predict  thermal,  optical  and  electric  performances  in  the  computer- 
aided  modeling  design  system,  and  the  relevant  programs  and  methods 
for  computer-aided  LED-MGVC  design  are  introduced  in  the  present 
paper. 

2.  Methodology 

1.  Performance  analysis 


metals,  where  the  physical  phenomena  of  heat  absorption  and  release 
form  at  both  ends  of  the  metal  contacts  in  proportion  to  the  amount 
of  input  current.  The  electromotive  force  of  the  thermoelectric  power 
generation  system  is  generated  by  the  voltage  addition  due  to  the  ther¬ 
moelectric  element  within  the  circuit  series,  while  the  current  flows 
through  the  load  circuit  output.  The  temperature  difference  between 
the  cold  and  hot  ends  is  due  to  the  low  thermal  conductivity  of  the  ther¬ 
moelectric  elements,  preventing  most  of  the  heat  capacity  from  being 
transmitted  by  the  hot  end  to  the  cold  side,  thus  maintaining  the  tem¬ 
perature  difference.  The  merit  of  ZT  is  the  judgment  of  thermoelectric 
materials,  which  is  calculated  in  Eq.  (5),  where  cris  the  material  conduc¬ 
tivity  of  (D  •  m)-1  and  I<  is  the  thermal  conductivity  of  W/mK.  There¬ 
fore,  a  higher  value  of  ZT  indicates  a  high  Seebeck  coefficient  and  low 
thermal  conductivity,  resulting  in  the  increased  generation  of  thermo¬ 
electric  power. 
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The  current  value  of  the  best  performance  of  the  power  generation 
chip  can  be  derived  through  the  basic  theory  of  thermoelectric  physical 
effect  and  the  Fourier  heat  transfer  law,  with  the  equivalent  circuit  for 
the  power  generation  chip  shown  in  Fig.  3.  The  voltage  value  V  is  gener¬ 
ated  by  the  thermoelectric  power  generation,  R[  is  the  resistor  generated 
by  the  thermoelectric  material  and  RL  is  the  resistor  compared  with  the 
applied  load.  According  to  the  Seebeck  effect,  the  voltage  generated  by 
the  power  generation  chip  is  proportional  to  the  chip  temperature  dif¬ 
ference  between  the  hot  and  cold  sides  following  Eq.  (6), 

V  =  a(Th-7c)  (6) 


where  V  is  the  electromotive  force,  a  is  the  Seebeck  coefficient  of  the 
materials,  Th  and  Tc  are  the  respective  average  temperatures  of  the 
hot  and  cold  ends  of  the  power  generation  chip. 

The  current  I  relationship  of  power  generation  chip  is  shown  in 
Eq.  (7), 


Thermoelectric  physical  phenomena  can  take  the  form  of  external 
energy  caused  by  temperature  differences  between  objects  to  produce 
the  potential  difference  for  power  generation.  A  thermoelectric  power 
generation  system  must  have  a  cold  end  and  a  hot  end,  with  a  load  cir¬ 
cuit  (Rl)  as  shown  in  Fig.  2.  The  system  operates  on  the  basic  principle  of 
thermoelectric  physical  phenomena  for  thermoelectric  semiconductors. 
The  present  study  uses  power  generation  chip  analysis  to  analyze  the 
thermoelectric  transformation  performance  of  LED-MGVC.  LED-MGVC 
thermoelectric  performance  can  be  divided  into  the  Seebeck,  Peltier 
and  Thomson  effects.  Eqs.  ( 1 )— (4)  reveal  their  relational  coefficients,  in¬ 
cluding  a,  tt  and  t.  The  Seebeck  effect  indicates  that  two  different  metals 
connected  in  a  closed  loop  will  generate  an  electromotive  force  when 
the  two  metal  contacts  produce  a  temperature  difference.  The  Peltier 
effect  affects  the  current  in  a  closed  loop  formed  by  the  two  different 


According  to  the  conservation  of  energy,  the  energy  generated  P  by  a 
power  generation  will  be  its  power  to  the  load  RL  as  shown  in  Eq.  (8).  Qh 
and  Qc  are  the  heat  capacity  of  the  hot  and  cold  sides,  as  shown  in 
Eqs.  (9)  and  (10),  respectively.  These  are  divided  into  three  parts  for 
discussion:  cdTh  is  the  thermoelectric  effect,  I2R  indicates  the  Joule  heat, 
divided  equally  between  the  hot  and  cold  sides,  and^(T1^~rc)  is  the  Fourier 
effect  of  the  heat  flow  from  high  to  low  temperature.  The  energy  generat¬ 
ed  by  the  power  generation  chip  P  is  less  the  heat  to  the  cold  side  is  the 
heat  supply  of  the  hot  end  (Qh  —  Qc),  which  is  used  to  generate  the 
load  Rl.  Thus,  the  output  energy  P  is  functional  to  current  I  as  shown  in 
Eq.  (11).  If  the  output  energy  P  is  differenced  by  the  current  /  and  is 
then  set  equal  to  zero,  the  power  generation  chip  will  produce  the  maxi¬ 
mum  output  power  Pmax  as  shown  in  Eq.  (12).  The  ratio  efficiency  q  of 
thermoelectric  power  generation  chip  is  shown  in  Eq.  (13),  and  the 
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ci)  3-D  drawing 


HeatSink 


Fig.  1.  Sketches  of  LED-MGVC:  (a)  3-D  drawing  and  (b)  2-D  drawing. 


performance  value  of  the  differential  current  lTj  derived  from  Eq.  (14)  is 
the  best  current  performance. 


P  =  I2Rl 

(8) 

Qh=alTh-^2RL+Ak(h~T^ 

(9) 

Qt-«fTt  +  llX+*V'‘) 

(10) 

P  =  cdAT-I2RL 

(11) 

p  «2^2 

max  4Rl 

(12) 

P  odAT-I2RL 

V~Qh~  o/Th-  1/2Rl  +  kA^T 

(13) 

2RLKAT—  f 4RL2K2AT2  —2a2I(RLAT3  +  4a2KRLThAT2 
tfl~  aATRL—2aRLTh 

(14) 

The  performance  of  the  thermal  module  with  the  vapor  chamber  can 
be  determined  within  several  seconds  by  using  the  final  formula  for  the 
thermal-performance  experimental  method  for  VCTM  VI. 0  in  Ref.  [8].  Ac¬ 
curately  estimating  the  effective  thermal  conductivity  of  the  vapor  cham¬ 
ber  is  very  important  for  obtaining  the  thermal  performance  of  vapor 
chamber-based  thermal  module.  The  dimension  analysis  of  {F.L.T.0.}  in 
the  Buckingham  n  theorem  can  be  used  to  derive  the  thermal  perfor¬ 
mance  empirical  formula  of  the  vapor  chamber  as  shown  in  Ref.  [8]. 
This  VCTM  version  1.0  was  coded  using  Microsoft®  Visual  Basic™  6.0  fol¬ 
lowing  the  empirical  Eq.  (15)  and  is  used  here  to  calculate  the  thermal 
performance  of  a  vapor  chamber-based  thermal  module  [8].  To  avoid  rep¬ 
etition,  the  calculations  are  not  shown  here.  The  LED-MGVC  is  designed 
and  analyzed  using  VCTM  VI. 0  and  3-D  numerical  methods.  For  the  en¬ 
tire  module,  about  500  thousands  grid  elements  are  used  with  about 
2500  iterations,  and  simulating  every  scenario  will  take  about  12  h. 

keff  =  46.1  •  (Ivc  •  Wvc)0'15  ■  (tvc)0'24  ■  (qj28  (15) 

2.  Experimental  equipment  and  procedure 

Fig.  4  shows  the  experimental  apparatus  and  thermal  resistance  net¬ 
work  of  the  LED-MGVC.  The  experimental  procedure  is  divided  into  two 
tests.  One  is  the  thermoelectric  performance  of  LED-MGVC  with  a  range 
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Fig.  2.  Structure  of  a  thermoelectric  power  generation  system. 


of  input  powers,  and  illumination  of  LED  is  another  test.  The  LED-MGVC 
component  contains  the  thermoelectric  generator  modules  (TGM)  and 
LED-VCPCB  [21]  and  will  absorb  the  waste  heat  produced  by  the  LED 
temperature  difference,  transforming  it  into  electrical  energy  and  thus 
achieve  optimal  thermal  management  of  high-power  LED  lighting  mod¬ 
ules.  There  are  two  types  of  LEDs  lighting  systems:  type  1  has  no  vapor 
chamber,  while  and  type  2  has  a  vapor  chamber,  and  their  performance 
is  compared  through  thermal  performance-illumination  experiments  of 
the  energy  storage  system  features  using  computer-aided  modeling  de¬ 
sign  with  VCTM  VI. 0  to  improve  the  illumination  and  life  span  of  LED 
lights. 

This  experiment  used  an  adjustable  DC  power  supply  for  the  LED 
lighting  power  that  allowed  calculation  the  input  power,  using  model 
ADC50-10  with  a  power  of  500  W,  a  maximum  voltage  of  50  V,  a  max¬ 
imum  current  of  10  A  and  an  error  range  of  less  than  0.5%.  AT-type  ther¬ 
mocouple  made  of  copper-nickel-metal  materials  was  used  with  a  wire 
diameter  of  0.25  mm,  a  measurement  temperature  range  between 
—  200  °C  and  350  °C  and  an  error  range  of  =b  0.5  °C.  A  thermocouple 
spot  welder  soldering  thermocouple  spot  manufactured  by  Taiwan 
Siong  Kai  ( Mini-2 1<5 A- 1)  was  used  for  capacitor  charge  and  discharge, 
using  a  welding  electrode  to  weld  the  two  wires  together,  with  a 


V  p; 

p — wv 

-AAA/ - 

R, 


Fig.  3.  The  equivalent  circuit  for  the  power  generation  chip. 


welding  wire  diameter  ranging  between  0.1  mm  and  1.0  mm.  The 
GL-800  (Graphtec  Systems,  Japan)  was  used  to  record  data  measure¬ 
ments  on  40  channels.  Measurements  including  temperature,  voltage, 
humidity,  etc.,  can  thus  allowing  data  to  be  recorded  to  hard  disk  and 
output  in  an  Excel  spreadsheet  with  a  maximum  sampling  time  of 
0.1  ms.  A  TES1 330A  digital  display  illuminometer  was  used  with  an  illu¬ 
mination  range  of  0.01  lux  to  20000  lux  and  an  accuracy  of  d=  3%. 

3.  Results  and  discussions 

Input  power  for  the  type  1  and  type  2  modules  was  increased  from  4 
to  14  W  in  increments  of  2  W,  with  the  corresponding  illumination 
observations  summarized  in  Tables  1  and  2.  LED  input  power  at  4  W 
corresponded  with  100%  illumination.  Increased  input  power  to  both 
modules  was  observed  to  correspond  to  the  degree  of  illumination, 
and  illumination  performance  was  seen  to  depend  on  LED  temperature 
for  both  systems.  The  experimental  illumination  results  presented  in 
Tables  1  and  2  show  that  the  percentage  of  LED  illumination  does  not  in¬ 
crease  with  LED  input  power,  and  the  contrast  to  the  degree  of  increase 
in  the  percentage  rate  is  much  smaller  than  the  LED  relative  input 
power  percentage  of  increase.  A  maximum  illumination  of  321 0  lux  oc¬ 
curred  at  an  LED  input  power  of  8  W  in  type  1,  while  a  maximum  illu¬ 
mination  of  3670  lux  occurred  at  an  LED  input  power  of  10  W,  with  a 
maximum  temperature  of  the  two  system  modules  reaching  about 
56  °C.  Once  the  LED  temperature  exceeds  56  °C,  illumination  was 
found  to  decrease  with  further  increases  of  LED  input  power  due  to  in¬ 
creased  temperatures.  The  intensity  of  LED  luminosity  was  found  to  in¬ 
crease  with  temperature  up  to  56  °C,  at  which  point  LED  illumination 
began  to  decay.  As  seen  in  the  table,  the  illumination  for  the  two 
modules  begins  to  decline  when  LED  temperatures  exceed  56  °C, 
(specifically  55.9  °C  for  type  1  and  55.6  °C  for  type  2).  The  relative 
illumination  with  a  vapor  chamber  for  the  type  2  module  system  was 
greater  than  that  of  the  type  1  module  system  without  a  vapor  chamber. 
The  maximum  contrast  of  the  type  2  system  was  166%,  as  opposed  to 
153%  for  the  type  1  system.  Therefore,  although  the  increase  in  LED 
input  power  enhanced  illuminance,  at  high  temperatures,  this  illumi¬ 
nance  begins  to  decay.  Thus,  in  terms  of  LED  input  power,  the  increased 
margin  of  luminance  per  increase  in  input  power  is  low,  which  presents 
a  critical  challenge  for  LED  thermal  management. 

Fig.  5  compares  the  illumination  of  the  type  1  and  type  2  modules, 
showing  that  the  type  1  module  illuminance  values  are  lower  than 
that  of  the  type  2  module,  with  an  increase  of  LED  input  power  to 
10W  raising  temperatures  to  64.7  °C,  at  which  point  the  illumination 
in  the  type  1  module  began  to  decline  to  3210  lux  at  8  W  and  1680  lux 
at  14  W.  In  contrast,  the  illumination  value  of  the  type  2  module  began 
to  trend  downwards  at  12  W  with  a  corresponding  LED  temperature  of 
63.6  °C,  dropping  from  3670  lux  at  10  W  to  2100  lux  at  14  W.  The 
results  indicate  that  at  temperatures  exceeding  56  °C  LED  illumination 
begins  to  degrade  under  the  effects  of  heat  stress.  Finally,  it  can 
also  be  seen  that  the  use  of  a  vapor  chamber  in  the  type  2  module 
can  effectively  reduce  the  temperature  of  the  LED  and  thus  enhance 
LED  illumination. 

The  waste  heat  produced  by  LED  voltage  and  current  can  be  recycled 
by  power  generation  chips.  Using  the  LED  as  the  heat  source,  a  temper¬ 
ature  differential  is  formed  between  the  hot  and  cold  sides  of  the  power 
chips,  and  this  differential  enables  the  chip  to  produce  thermoelectric 
physical  effects  to  generate  electricity.  Fig.  6  shows  the  thermoelectric 
chip  current  versus  time  in  our  experiments,  with  results  indicating 
that  the  power  generation  chip’s  current  reaches  a  steady  state  after 
about  one  minute.  Following  the  path  formation  of  power  generation, 
output  current  was  found  to  increase  with  time,  with  the  current  gradu¬ 
ally  reduced  to  a  stable  value  with  the  LED  input  power  of  4,  6,  8, 10, 12 
and  14  W  corresponding  to  0.06,  0.08,  0.11,  0.13,  0.16  and  0.20  A.  Poor 
thermal  conductivity,  mainly  due  to  the  thermoelectric  element,  resulted 
in  a  large  temperature  difference  between  the  power  generation  chip’s 
hot  and  cold  junctions.  Although  the  power  generation  chip  can  output 
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Fig.  4.  Experimental  apparatus  and  thermal  resistance  network  of  the  LED-based  plate. 


a  large  current,  compliance  with  energy  conservation  laws  resulted  in 
the  temperature  difference  between  the  hot  and  cold  sides  gradually  re¬ 
ducing  to  a  stable  value,  and  the  experimental  results  were  in  line  with 
theoretical  understanding  of  the  physical  phenomena  of  thermoelectric 
power  generation. 

Fig.  7  compares  the  type  1  and  type  2  module  generation  chip  output 
current.  According  to  manufacturer  labeling,  the  thermoelectric  materi¬ 
al  had  a  thermal  conductivity  resistance  of  2.2  O  for  1.6  W/mK,  internal, 
and  the  Seebeck  coefficient  a  was  experimentally  determined  to  be 
0.0257  V/K.  The  generating  chip  output  current  of  the  two  modules 
was  seen  to  increase  with  the  enhancement  of  the  LED  input  power, 
specifically  from  4  W  0.06  A  to  0.14  A  in  the  type  1  module,  and  from 
4  W  0.06  A  to  0.2  A  in  the  type  2  module,  both  at  14  W.  No  significant 
difference  was  found  between  the  module  types  at  output  current  levels 
below  6  W,  but  at  output  current  levels  of  about  6  W,  the  current  of  the 
type  2  module  output  was  found  to  be  higher  than  that  of  the  type  1 
module  (0.11  vs.  0.10  A),  and  the  type  2  slope  was  much  larger 
than  that  of  type  1.  This  is  because,  at  high  levels  of  input  power,  the 
vapor  chamber  can  effectively  transfer  and  spread  heat  capacity  to  the 
power  generation  chip,  resulting  in  an  increase  in  the  chip's  hot  and 


Table  1 

Relationships  between  LED  input  power  and  illumination  for  type  1. 


Temperature 

Illumination 

Illumination 

percentage 

Input 

power 

Power 

percentage 

(°C) 

(lux) 

(%) 

(W) 

(%) 

40 

2100 

100 

4 

100 

48 

2750 

130.95 

6 

151.06 

55.9 

3210 

152.85 

8 

198.74 

64.7 

2900 

138.09 

10 

240.65 

73.7 

2090 

99.52 

12 

295.89 

82.6 

1680 

79.99 

14 

346.64 

Table  2 

Relationships  between  LED  input  power  and  illumination  for  type  2. 


Temperature 

Illumination 

Illumination 

percentage 

Input 

power 

Power 

percentage 

(°C) 

(lux) 

(%) 

(W) 

(%) 

37.4 

2210 

100 

4 

100 

43.6 

2900 

131.22 

6 

151.06 

50.1 

3300 

149.32 

8 

198.74 

55.6 

3670 

166.06 

10 

240.65 

63.6 

3010 

136.19 

12 

295.89 

70.2 

2100 

95.02 

14 

346.64 

cold  side  temperature  difference.  Therefore,  the  generation  chip  output 
current  of  the  type  2  module  resulted  in  a  higher  LED  input  power  value. 


4.  Conclusions 

This  paper  explores  the  power  generation  performance  of  two  dif¬ 
ferent  LED  module  systems  for  power  generation  chips.  Chip  output 
power  was  found  to  increase  with  increase  LED  input  power;  with  no 
significant  difference  between  the  two  modules  with  LED  input  power 
of  less  than  6  W.  As  LED  input  power  exceeded  6  W,  the  LED  heat  dissi¬ 
pation  module  with  the  vapor  chamber  was  found  to  outperform  the 
other  LED  cooling  modules,  with  a  maximum  output  power  of  116.2 
and  168  mW,  respectively,  for  the  type  1  and  type  2  modules.  The 
vapor  chamber  of  the  type  2  module  generation  chip  was  found  to  be 
superior  to  that  of  the  type  1  module  system  with  the  non-uniform  tem¬ 
perature  plate.  Mainly  due  to  the  vapor  chamber  under  conditions  of 
high  heat  flux,  a  higher  heat  transfer  rate  was  obtained  to  rapidly  con¬ 
duct  and  dissipate  heat  from  the  LEDs  to  the  surface  of  the  power  gener¬ 
ation  chip's  hot  end,  and  then  to  the  cold  end  through  the  heat  sink  and 
cooling  fan,  thus  transferring  the  heat  to  the  air,  resulting  in  the  gradual 
increase  of  the  temperature  difference  between  the  hot  and  cold  sides  of 
the  generation  chip.  In  addition,  due  to  the  LED  heat  conducting  directly 
to  the  power  generation  chip,  the  LED  heat  dissipation  MCPCB  board 
cannot  effectively  conduct  heat.  In  addition,  the  LED  heat  source  area 
is  smaller  than  that  of  the  power  generation  chip,  so  most  of  the  heat 


Fig.  5.  Illumination  comparisons  for  type  1  and  type  2. 
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Fig.  6.  Output  Current  with  time  for  type  2. 

is  dissipated  directly  into  the  air,  resulting  in  thermal  resistance.  Heat 
cannot  be  effectively  transferred  to  the  hot  end  of  the  power  generation 
chip,  thus  decreasing  the  temperature  difference  between  the  hot  and 


a)  Output  Current 


b)  Output  Power 


Fig.  7.  Thermoelectric  Transformations  with  LED  input  power  for  type  1  and  type  2: 
(a)  output  current  and  (b)  output  power. 


cold  sides,  resulting  in  the  output  of  the  power  generation  chip  being 
inferior  to  that  of  the  LED  module  with  a  vapor  chamber. 

However,  in  LED  thermal  management,  about  80%  of  the  electrical 
input  power  for  high-power  LED  lighting  will  be  wasted  in  the  form  of 
heat  generated  by  the  thermoelectric  generating  module  (TGM).  In 
evaluating  the  characteristics  of  micro-generator  with  LED  vapor 
chamber-based  plate  (LED-MGVC)  devices,  this  study  finds  that,  given 
6  W  of  input  power,  the  heat  source  temperature  of  the  LED-MGVC 
can  be  kept  below  65  °C  with  a  maximum  illumination  greater  than 
3200  lux  and  a  maximum  output  power  of  160  mW  or  more.  The 
above  conclusions  indicate  the  selection  of  the  LED  heat  dissipation  sub¬ 
strate  plays  a  vital  role  in  the  chip's  power  generation  performance.  The 
type  2  cooling  modules  has  better  energy  storage  characteristics  than 
The  type  1  module,  thus  making  it  possible  to  reduce  the  temperatures 
of  more  LED  dies,  thus  allowing  for  increased  illumination  and  life  span. 
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